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B decays/motivation

#® B decays probe flavor dynamics of SM (or extensions)
» KM description of CP violation?
» enhanced flavor transitions (e.g. new FCNC...)

® an abundance of information available from Belle and
BaBar

# the weak dynamics folded with the QCD effects
» some calculable from first principles using lattice

QCD fBafme,()—>7T

s use symmetries to simplify problems: isospin,
SU3)r

s use 1/my expansion: HQET, SCET
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CharmlessB decays

#® B decays into two light mesons: B — nn, B — 7K, ...
# the outgoing mesons look like 2 energetic jets with

p* ~ Aqep
M (= () w

B

# can use Soft Collinear Effective Theory to treat QCD
effects
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Outline

# Dbrief introduction to SCET
s application to 2-body charmless B decays
» extension to isosinglet final states

# phenomenology

s B — 7K puzzle

s BY - 9Kvs. B—nK

s S parameters in penguin dominated modes
# if time permits...

s B, decays

s semiinclusive hadronic decays

® conclusions
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Introduction to SCET

Bauer, Fleming, Luke, Pirjol, Stewart 2000,2001
o effective theory appropriate for jet-like events in QCD

# jetin z direction = use light-cone coord.
p' = (E+p3, E—p3,p1) = (p+,p— L)
Note: p2 = pip_ — ]53
# orig. app.: endpoint region of B — X, X, lv
s expansion parameter v\ = \/A/my (0% = Amy)
s the IR behaviour of QCD is reproduced by:
BT collinear gluon, p ~ mp(1, A, V)

g collinear quark, p ~ mp(1, A, VA)

soft quark, p~mp(A A A)

—_  —_  —_ S = = =

(
m soft glUOH, D~ mB()\, )\, )\)
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Scales in charmless 2-bodyydecay

Bauer, Pirjol, Stewart 2002
® outgoing states are jet-like with p? = A?

® the "brown muck" in B is soft

# atypical configuration
o Intermediate hard-collinear

-2 o2
(\21,)\) (2.1.3) modes: p* = miA = mpA

» assume ordering
A < vVmpA < mp
(1,02 3) s two step matching
s QCD—SCET;
< expan. param. v\

s SCET; —SCETy;
< expan. param. A
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Effective theories In 2-body decays

Bauer, Pirjol, Rothstein, Stewart 2004
. . Bauer, Rothstein, Stewart 2005
® a sequence of effective theories Williarmson. JZ 2006

SM ® HYe*k in terms of four quark
_________ Y operators O; ~ (ql'iq")(q'Tq¢"")

sk and magnetic operators

® INnSCET;atLO In1/mp

————————— my, factorization of collinear

SCET, modes In opposite directions
_________ (my Agep ) O; ~ (qnligy) x (15497 )

SCET, # these then match to nonlocal

operators in SCETy;
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Matching examples

# example of QCD—SCET; matching

QCD \\ SCET, \\

j >

nnnnr"
\WAVAVAVAY/

#» example of SCET; — SCET; matching
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Factorization formula

Bauer, Pirjol, Rothstein, Stewart 2004
o for start only nonisosinglet final states (such as B — 7r)

® SCET; —SCET matching

# a) type diagrams have
endpoint singularities =

introd. matrix el. ¢BM

o D) type diagrams,
ag(v/A, mp) expansion of
function ¢2M (2)

® atLOiIn1/mp
A(B — M1 My) o< far,éar, (w) @ Ty g (u, 2) @ (FM2(2)

"‘fMlngl (u) R TIC(U)CBMQ 4] 24+ )\gf)Aé\?Mz

J. Zupan Charmless 2-body B decays... Fermilab, 04/27/06 — p. 9



At LO In Cks(Tnb)

»® hard kernels Ty o(5)(u, 2) are calculable in ag(my)
expansion

® atLO in ag(my)
s T 9 are constants
s T 525 only functions of

# this simplifies the factorization formula

Ap_anm, < fandan (w) @ Ty (u) P
—|_fM1T1CCBM2 _|_ 1 PN 2 _|_ )\gf)Aé\glMQ

» coefficients ¢FM, ¢(BM are fit from data
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Isosinglet final states

Williamson, JZ 2006

# additional operators In
SCET; — SCET; match-
Ing, that contribute only

for n, n’

# at LO in ag(my) the same factor. formula as before

") : : :
e (B (BT receive contribs. from gluonic operators
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Connection to form factors

o (BM (BM are related to B — M form factors

# at LO in ag(my) for decays into pseudoscalars

200y = ¢+ (7"
2P0+ £27(0) = 2577
# at higher orders in ag(m;) more complicated hard

kernels

# these nonperturbative inputs could be
s oObtained from lattice (+ exp. data on B — «lv)
s from sum rules
s In our analysis will be fit from B — PP data
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Charming penguins

® since 2m,. ~ my there are
configurations with almost
on-shell charm quarks

# BBNS: charming penguins perturbative
BPRS: nonpert., NRQCD counting ag(2m.) f(2m./mp)v

® most conservative - introduce new nonpert. parameters
AMM: that are fit from data (with isospin or SU(3) used)

°

# for isosinglets also "glu-
onic charming penguins"
= In SU(3) limit one addi-
tional parameter A,
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Counting of parameters

# assuming only isospin at LO in 1/m; and ag(my)
s B — 7m: 4 real parameters Cfg, ATT vs, 8
observables (6 measured)
s B — mn(): 8 new parameters CB”q *, Arlle* peyond
B — wr vs. 19 observables (4 measured)
s similarly B — 7K vs. B — Kn)

# at present in the analysis of isosinglets SU(3) needs to
be used (this can be relaxed with more data)

# in the SU(3) limit 8 real parameters: (, (s, A.. and the
"gluonic” (g4, (14, Aceg (these only for isosinglets)

# compare with 18 complex reduced matrix elements in
most general SU(3) decomposition
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Phenomenology
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Overview

Williamson, JZ 2006
o will focuson B — PP, work at LO in 1/m; and ag(my)

# isosinglets included, at present SU(3) imposed on
SCET parameters

# L O factorized amplitude

Ap_anm, < fandan (w) @ Tyy(u) M

FhanTigCPM + 1o 24 0 AN
# two subsequent fits determine SCET parameters
® () Ace from B — nmr, mK
s ()9 Aceg from B — nOr nO K

# in predictions SU(3) and 1/m; errors included with
parametrically expected sizes
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B — 7K "puzzle"
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General considerations

# define "tree" and "penguin" according to CKM factors
Ap e =AIT5  + AP P;
B—f = Au LB—f T Ac IR

where A = v, v AP = v, v

# In AS =1 large hierarchy between T', P since
AL~ 0.0212¢]

# the dominant term in B — K is charming penguin A7
which is Y />\ enhanced over tree

# this leads to approximate relations
Brotg- =~ Br_—go =~ 2Brpog- =~ 2B7r_ojo
189+0.7 ~ 241 +£18 ~ 2424+1.6 23.0 £ 2.0

2

J. Zupan Charmless 2-body B decays... Fermilab, 04/27/06 —p. 1



Determination of SCET parameters

o from the y2-fit to the B — 7w, K7 data we then obtain
Ca CJ’ ‘Acc‘ and arg(Acc)

¢ ~ (s as expected from SCET counting

°

# strong phase in A.. IS honzero:
arg(Ace) = 156° + 6°

® y*/d.of. =44.6/(13 — 4) is large since theory errors
larger from the experimental. If theory errors added

quadratically to exp. errors = x?/d.o.f. = 8.9/(13 — 4)
# the largest discrepancies are

Exp

AMK_———011i009i011i002 0.04 4 0.04

ACP 006 40.05 +0.06 £ 0.02 2 —0.115 = 0.018
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R ratios

# many errors cancel in the ratios of Br (for instance to
large extent dependence on A..)

# using obtained values of SCET parameters
NBY - K—7T) Exp.

R = = O84i007—1037i0047
(B~ — K91~)
f(B_—>K_7TO) Exp
R. = 2= — 2P 1,00+ 0.10 = 1088i0074
° "I'(B- — Kb%)
1F(BO—>K_7T+) EXp.
R, = ———= — XP0.82 4 0.08 = 1069i0078
" 2 T(BY — KOx0)

f(EO — [_(0770) R Exp
Rop = 2= e 1.03 4 0.12 = 0.970 + 0.036
P TT(B- - K%) R,
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R ratios

°

especially interesting is the difference R,, — R,

# expanding in tree/penguin and EWP/(charm. peng.)
one gets

R,=Rc.+---
up to corrections of second order in small parameters
# numerically

(Ro — Ry) "2 0.18 £ 0.13 = 0.018 + 0.013
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Other tests

# similarly the Lipkin sum rule

AL = Rpp— R+ Ro — 12

0.19 + 0.14 = 0.020 & 0.012

IS only of second order in the same expansion

» even more preC|se IS Atwood, Soni 1997; Gronau, 2004

Ay~ =2AT(B~ — K 7’) = AI'(B~ — K'n")
+2AT(BY —» K%Y — AT(BY — K~ 7™)
that does no depend on A..

® As- = 01In the limit of exact isospin and no EWP

» for EWP# 0 still Ay-=0atLO in 1/mp and ag(my)
since no relative strong phases
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B — ) and B — Kn') decays
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Determination of SCET parameters

® use (,(yand A.. from B — 7w, K fit

® (,, (5, and A, are obtained from fitto B — 57, 70K
data on Br and A-p < no use of S parameters is made

# 2 solutions obtained that differ by
arg(Aceg) = —109° £ 3°
arg(Aeeg) = —68° & 4°
# the two solutions can be resolved by future measurm.
of Acp(nK~) and Acp(nK")

® we get (., ~ (and [Aqg| ~ [Ac| as expected from
SCET counting
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B — KnvsB — K/

® IsAS=1s0 A, and A., dominate

» large disparity between BR(B — Kn') ~ 60 x 107% and
Br(B — Kn) ~ 2 x 1076

# Lipkin'91: constructive and destructive interf.
AB—>K'77’ — COS ¢AB—>I_(775 + Sin¢AB_>an
Ap_fy = —SinQAp_ g, +cos@Ap_ i,
with ¢ = (39.3 £ 1.0)°, so that cos ¢ ~ sin ¢

o |If AB—>K'nq ZAB—J?nS
s = aconstructive interference in Ap_ .
s = adestructive interference in Ap_
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B — Kn(/) In SCET

# this very natural in SCET

1
Ap-_pr- X (\/5 —tan ¢)Accq + (E — tan ¢) Ape + -+

= 0.59Accq — 0.11Acc + -+

t
AB——m’K— x (1+ V2 tan ¢)Accg + (1 + ‘?;I;)ACC 4.

= 2.16Accg + 1.59Ace + - - -

# no cancelation between A.. and A.., needed
Br(B — n'K) > Br(B — nK) for most arg( A,/ Acc)

# the suppression is much larger for A.. than for Accg
® if Ay = 0 = Br(B — nK) ~ O(10~7) and not ~ 0O(1079)
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Ehancement o — 'K

® Br(B — n'K) enhanced over Br(B — 7w K) almost
entirely due to A,

® in SU(3) limit

AB—_”/’/K— ( Sin ¢ ACC . Accg
~ | cos ¢ + ) + (cos ¢ + V2sin 4.
ABO—>7T+K_ ¢ \/5 Acc ( gb gb) ACC
Accg
~ 1.22 + 1.67

ACC
# other enhancements proposed in the literature were
found to be either 1/my or ag(my) suppressed
s dueto b — sgg — sn’ coupling from charm loop
s the hard spectator contribution b — sg*g* — sn/
» gluon condensate mechanism, ...
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Further predictions

» we give predictions for observables in all B — ()50,
B — mn()

» with observables measured so far the combination
(; — (s, poOrly constrained

» predictions for BY — 7%() and B° — 1n)n() fairly
uncertain

# measurements in some of these modes will greatly
Improve on the knowledge of SCET parameters
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S parameters in penguin dominated mo

Im [e_ﬂﬁzzlf/Af}
S =2 _
P A2/ 1A, 2

® interested In AS =1 where A AES)PB# -0 =
Sy~ —nf" sin20
#® more precisely

ASy = —anSf —sin28 =rycosdfcos2[ + O(r )

s )\( °) TB—>f
ree’®t = —2Im (}\U) Py s

with —2Zm (A /A%)) ~ 0.037
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Winter 2003

OPAL 98

3.2 ,,+05
ALE+P0I-4200
084 ,,,%0.16 '

CDF 00

+0.41
0.79 —0.44

BABAR 02

0.741+0.067 +£0.034

Belle 02

0.719+0.074 +0.035

Average (charmonium)

0.734 +0.055

BABAR 02

-0.18+0.51+0.07 '
Belle 03 . - \
-0.73+0.64+0.22 ' '
BABAR 03
0.02+0.34+0.03
Belle03
0.71+0.37 ;e
Belle 03 o
0.49+0.43_,,

Average (s penguin)
0.19+0.20 s

Charmonium Modes

0
S

n'KS

KKK

Winter 2003

0.699+0.054

-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 15 2

sin(2pB)

- __________-___.________________-E___i___i___-\

Average (All)
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Winter 2006
sn(zrseff)/sn@ "

PRELIMINARY

b_ccs World Average E ' 0.69 + 0.03
g, BaBar - -—*4 0 050+025%%

S Belle : i~k | 0.44+0.27+0.05

¢  BaBar Il | 036+013+0.03

=  Belle i~ : 062:0.12x0.04

o BaBar *—« 0.95*92 1 0.10

+~© Belle : {—kf | 0.47 +0.36 +0.08

g  BaBar —k—{| | 0.357%+0.04

%  Belle — s | 022:047+008

i’ ° K, BaBar —— . -0.84+0.71+0.08

g  BaBar ' —kt . 050 038 +0.02

3 Belle +—%——0.95 + 0.53 3.1

p° Ky BaBar ; o 0.17 + 0.52 + 0.26

X BaBar { —k=(0.41£0.18 £ 0.07 £ 0.11

+z ., Belle :14 0560 +0.18 + 0.04 91

< BaBar : 5 i 0.6370%2+0.04

< Belle . N 0.58+0.36+0.08

b —,qaés Naive averaige P 0,50 + 0.06
-3 -2 -1 0 1 2 3
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S parameters il — n'Kq, 7Kg

# using SCET parameters obtained from fit

m | —0.019 & 0.008 #® S parameters not used in
ASy ks, = _0.010 & 0.010 fit = pure predictions

Bxp-" _g93+013 @ ifstrong phaseg 0¢ are
taken to be arbitrary,

AS Th. | —0.03 £0.17 largest ASy given by
TESE T 0.07 £0.14 roics = 0.03 £ 0.01
Exp.
= ~ roig =~ 0.2 £ 0.2

roog. = 0.14 4 0.05
ASpog., = (7.7+3.0) x 1072 ’

EXP- 0414 0.26
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B, decays
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B, decays

# the time dependent decay

F(Bg( ) — f)=e N T(B, — f) [COSh (A;t)—l—

+ H ¢ sinh (AQFt) Af cos(Amt) — Sy Sin(Amt)}

® inSM: (AT'/T) g, = L 0.12 4 0.05
(AT/T)p, TPE% _g 317011

® [, can be measured even in untagged B, decays

Re 6+i2614_1f (Af) *

(H )Bs — 2 A
d A2+ ]Af2
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(Hy)B,

o for AS =1 decays
(Sf)B. = ngp sin 2¢ — ngprf cos d f cOs 2€ + O(r?«)
He) g, = n%F cos2e + nFF sin2e ¢ cosdr + O(r3),
fIBs = iy f f COSOf f

® c~1°INSM =1 (Hy)p, ~ O(r})

» even cleaner than Sp_sx 1K

s for BY — mm,m,n'n’ = |1 — (Hy)p,| ~ 1072

s for B = K"K KgKg = |1— (Hf)p,| ~ 1072

s (S¢)B, and order of magnitude larger
® BSM: same ops. importantas in B — ¢Kg,nKg, ™’ Kg
1 — (Hy)p, could be O(1)

°

J. Zupan Charmless 2-body B decays... Fermilab, 04/27/06 —p. 3



Semiinclusive hadronic decays
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Kinematics

Chay, Leibovich, Kim, JZ, unpubl.
#® [ decays to M and inclusive jet X back-to-back

B

factorization as in 2-body B decays

°

# these decays simpler than 2-body B decays if

s spectator does not end up in M = matching to
SCETy trivial

s work in endpoint region p3 ~ mA = SCET;

# no dependence on ¢, (;, the same shape and jet
function as in B — X+, even this cancels in Aq-p

# very clean probes of sizes of charming penguins
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Which decays?

# the decays where spectator cannot end up in light
meson

s charged decays B~ — ¢ X, KO X~ X KO X
» neutral decays
BY - KX+ X0 7= X+ p~ XT,0X0, KO XV
# measurement in the endpoint region = can sum over a
finite number of exclusive modes

# also more inclusive measurements B — ¢X,,. s,
B — K" X, interesting (and experimentally easier)

#® work In progress, one result: Soni. JZ 2005
ACP(B_ — KSXCZ_+S) = 0.04%

can be used as null test of new physics
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Conclusions

o the LO SCET analysis has been extended to decays
with n, n/

® 7K and S,k ok, Puzzles" remain at ~ 20 level

# enhancement of Br(n'K) is naturally explained in SCET
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